Biomimetic solid lipid nanoparticles for oral bioavailability enhancement of low molecular weight heparin and its lipid conjugates: in vitro and in vivo evaluation.
Low molecular weight heparin (LMWH) is an anionic oligosaccharide macromolecule, which is commonly administered via parenteral routes for the treatment of vascular disorders like deep vein thrombosis (DVT) and pulmonary embolism (PE). Oral heparin delivery can tremendously improve the treatment of such disorders but is restricted due to its large size and anionic character. The present investigation describes synthesis of LMWH-lipid conjugates and their encapsulation in phosphatidylcholine stabilized biomimetic solid lipid nanoparticles (SLNs) for LMWH's oral bioavailability enhancement. Briefly, LMWH was conjugated with different saturated lipids of varying chain length (stearic acid, palmitic acid and myristic acid) using carbodiimide chemistry. The conjugation was confirmed with IR and (1)H NMR spectroscopy. The LMWH-lipid conjugate loaded SLNs were characterized for various parameters like shape, size, zeta potential, entrapment efficiency and in vitro release behavior in different simulated GIT pH mediums. The GIT toxicity of LMWH-lipid conjugate loaded SLNs to different tissues of intestinal epithelium was observed using H&E staining followed by microscopic observation at cellular level. The LMWH-lipid conjugate loaded SLNs were found to be safe for oral administration. The plasma concentration of LMWH was estimated using anti-FXa chromogenic assay. A significantly higher bioavailability (p < 0.05) of LMWH was observed using LMWH-lipid conjugates loaded SLNs in comparison to LMWH loaded SLNs and free LMWH. The order of different conjugates in bioavailability enhancement was LMWH-stearic acid > LMWH-palmitic acid > LMWH-myristic acid. This strategy holds promise for future applications of oral delivery of LMWH conjugates in the form of SLNs particularly for the treatment of cardiovascular disease like DVT and PE.